tion. The distribution of genotypes were in Hardy-Weinberg equilibrium in patients and in controls. Genotypes A and B were present in 120 (49%) and 28 (11%) individuals in controls and in 68 (30% ) and 40 (18% ) patients with CAD, respectively (x2 = 16.5, P = 0.0003). The frequency of the A allele was 0.69 in controls and 0.56 in patients (OR = 1.7, P = 0.0001). There were no differences in the distribution of HUMPONA genotypes in the subgroups of patients with restenosis, myocardial infarction, or any of the conventional risk factors for CAD as compared with corresponding subgroups.
Introduction
Atherosclerotic cardiovascular disease is the leading cause of death in the western hemisphere and a major public health concern. Genetic factors play an important role in predisposition to atherosclerotic coronary artery disease (CAD)' and its thrombotic complications (1, 2) . The evidence that implicated genetic factors in predisposition to atherosclerosis in the past was derived from epidemiological studies, studies of monozygotic and dizygotic twins, and studies of first degree relatives of patients with CAD (1, 2) . However, identification and characterization of the genes involved in atherosclerosis and its thrombotic complications awaited the development of modem techniques of molecular genetics. These advances have provided the opportunity to identify and characterize the genes involved in polygenic diseases such as CAD. A commonly used method for identification of genetic risk factors for complex traits is allelic association studies (3). These case-control studies compare the distribution of alleles or genotypes of a particular gene in unrelated affected and unaffected individuals. Such studies are performed to analyze the gene variants that are thought to be candidates in the pathogenesis of a disease or play a role in modifying its phenotypic expression (4, 5) .
A large number of genes are likely to be involved in the pathogenesis of coronary artery disease. Genes involved in lipoprotein synthesis, modification, and metabolism are excellent candidates for CAD. Human paraoxonase/arylesterase enzyme (EC 3.1.8.1, aryldialkylphosphatase) which hydrolyzes paraoxon, the toxic metabolite of organophosphate anticholinesterases, also has been implicated in the pathogenesis of atherosclerosis (6) . Paraoxonase (PONA) is a Ca2+-dependent glycoprotein that is associated with HDL and has been shown to prevent LDL oxidation in vitro (6, 7) . A decreased paraoxonase (PONA) activity has been documented in patients with myocardial infarction (8) . While the serum level of PONA in a given individual is relatively stable over time, the enzymatic activity of PONA varies among individuals by 10-40-fold (9, 10) . The PONA enzymatic activity polymorphism is substrate dependent and varies among population with different ethnic background (11, 12, 13) . The genetic basis of the inter-individual variability of PONA activity has recently been attributed to the presence of an A > G polymorphism in the coding region of the gene (HUMPONA) coding for this enzyme (10, 11, 12) . The A/G polymorphism corresponds to glutamine (Gln)/arginine (Arg) polymorphism at amino acid position 192 (10) (11) (12) In 98 patients a follow-up coronary angiogram was performed at least three months after angioplasty due to recurring symptoms, or the presence of an abnormal stress test. The availability of follow-up angiograms provided the opportunity to identify those patients who had developed restenosis and to determine their HUMPONA genotypes. Restenosis was defined by the presence of 50% or greater luminal diameter narrowing at the site of the previous angioplasty.
General population. HUMPONA genotypes were determined in 247 (104 male and 143 female) healthy Caucasian individuals in the general population of US. These individuals had no history of CAD, and had a normal electrocardiogram and echocardiogram.
Collection of blood and DNA extraction
The techniques used for extraction of DNA are conventional and have been previously published (14) .
HUMPONA genotyping. Genotyping was performed by laboratory personnel who had no knowledge of the angiographic data. HUMPONA genotypes were determined using PCR and restriction mapping with Alwl as per previously published protocols (10) . In brief, a set of primers was designed to encompass the polymorphic region in the HUM-PONA gene (sense primer 5 'TATTGTTGCTGTGGGACCTGAG3' and antisense primer 5'CACGCTAAACCCAAATACATCTC3'). The The distribution of HUMPONA genotypes and the frequency of alleles in patients with CAD and in the control group are shown in Table I . The A/B (Gln/Arg) genotype was the most common in patients with CAD (115/223). In contrast, the A genotype was present in the majority of the controls (120/247). Sixty-eight patients with CAD and 120 individuals in the control group had A genotype (P < 0.0001, odds ratio = 2.2, 95% confidence interval 1.5-3.2). The frequency of G allele was also significantly higher in patients with CAD as compared with that in the general population (0.44 vs. 0.31, respectively, P = 0.0001).
There were no gender-dependent differences in the distribution of HUMPONA genotypes neither in patients with CAD or in the control group. Analysis of HUMPONA genotypes in patients with CAD showed no association between a particular genotype and the severity of pre-PTCA mean luminal diameter stenosis, history of myocardial infarction, a family history of CAD, or presence of any of the conventional risk factors for CAD (Table II). The distribution of genotypes in patients with myocardial infarction were significantly different as compared with controls (X2 = 14.7, P = 0.0006).
Paraoxonase genotype A has been shown to be a risk factor for CAD in patients with diabetes mellitus (15) . Therefore, in order to determine whether paraoxonase genotypes were risk factor for CAD in patients without diabetes mellitus, the data was reanalyzed following exclusion of 47 patients with diabetes mellitus. In the remaining 176 the distribution of A, A/B, and B genotypes were 54 (31%), 94 (53%), and 28 (16%), respectively (X2 = 13.6, P = 0.0011 as compared with controls). The frequency of A and B were 0.57 and 0.43 in nondiabetic pa- 68 patients had developed restenosis, 30 patients had no significant restenosis on follow-up angiography. The distribution of HUMPONA genotypes and the frequency of alleles in patients with restenosis compared to those with no restenosis or in the control group was not significantly different (Table II).
Discussion
We performed an allelic association study, and determined the HUMPONA genotypes in 223 patients with angiographically documented CAD and 247 healthy Caucasian individuals in the US population. Our results showed an increased frequency of B and a decreased frequency of A genotypes in patients with CAD as compared to those frequencies in controls. This association was independent of gender and conventional risk factors for CAD. This is the first study to implicate HUMPONA gene variants as genetic risk factors for atherosclerotic CAD and the largest to determine the HUMPONA genotypes in white population of US.
The exact pathogenesis of atherosclerosis remains unknown. A number of risk factors such as smoking, high levels of LDL, low levels of HDL with hypertriglyceridemia, diabetes, hypertension and genetic factors are known to predispose to coronary atherosclerosis. Identification of the genetic risk factors is expected to enhance our understanding of the molecular basis for atherosclerosis, the leading cause of death in the industrialized world. Allelic association studies are commonly used to identify the susceptibility genes for complex traits such as atherosclerosis (3) (4) (5) (16) (17) (18) (19) . Using such approach, a number of gene variants as genetic risk factors for CAD have been identified including T235M variant of angiotensinogen, 4G variant (in the promoter) of plasminogen-activator inhibitor, and DD variant of angiotensin-1 converting enzyme genes, have been identified as genetic risk factors for CAD (4, 5, (18) (19) (20) (10) (11) (12) . The latter polymorphism determines the activity of the enzyme (10) (11) (12) . Arginine at position 192 (B genotype) confers high activity and glutamine (A genotype) low activity to PONA (10) (11) (12) . PONA serum levels and enzymatic activity exhibits a weak correlation with conventional lipid risk factors such as total cholesterol, triglycerides and apo A-1 levels (22). PONA also has been implicated in the prevention of LDL oxidation in in vitro studies (6, 7) . Oxidized LDL is cytotoxic and mitogenic agent that activates expression of acetyl-LDL or scavenger receptors by monocyte-derived macrophages. However, the observed increase in the frequency of the more active enzyme (B genotype) and the decrease in the frequency of the less active enzyme (A genotype) in patients with CAD indicate that PONA is involved in atherosclerosis through a mechanism(s) other than lipid oxidation. The oxidized LDL has also been implicated in the development of restenosis following PITCA (23) . Therefore, we determined the frequency of HUMPONA genotypes in 68 patients with restenosis. We found no significant differences in the distribution of genotypes and frequency of alleles in patients with restenosis, those without restenosis and in patients with CAD.
In summary, we have identified a new genetic risk factor for CAD. Our results show that variants of HUMPONA gene are involved in predisposition to coronary atherosclerosis. The G allele (Arg) is more common and A allele (Gln) is less common in patients with CAD. Further studies are needed to characterize the molecular mechanism(s) by which paraoxonase/arylesterase enzyme is involved in atherosclerosis.
